INTRODUCTION
Soil systems contain some of the most species-rich communities in existence. Well developed temperate woodland soils may contain up to a thousand species of soil animals alone, including several hundred species of mites and Collembola, in populations exceeding 1 to 2 millions per square metre.
Investigations of the inter-and intra-specific relationships within these immensely complex communities has proved to be one of the most intractable ecological problems.
The study of microhabitat development and successional changes in soil organism communities during the breakdown and decomposition of organic materials in the soil could provide useful information towards an understanding of the larger system. Unfortunately few studies of this kind have been carried out. Crossley & Hoglund (1962) suggested that the use of litter bags would overcome this difficulty and this method has been used by Stevanovic (1968) to study general arthropod succession and by Metz & Farrier (1969) to study succession of the Mesotigmata (Acari) in leaf litter. Anderson (1973a, b) investigated the breakdown and decomposition of beech (Fagus sylvatica L.) and sweet chestnut (Castenea sativa Mill) litter using litter bags and found that beech leaves were less palatable to soil animals and more resistant to microbial decomposition than chestnut leaves. The present study is an analysis of the soil animal populations extracted from these litter bags over a 20-month period to investigate the successional development, structure and trophic relationships of soil organism communities in beech and chestnut leaves.
Succession of the soil microflora on leaves has been demonstrated in a number of studies (notably,
Hogg
Study area
This study was carried out in Blean Woods National Nature Reserve (Nat. Grid ref.
TR 111608) which is situated on a ridge of London clay, capped with Stour Sands and Gravels, at an altitude of about 84 m. Mean annual rainfall for the area is about 700 mm.
The experimental site was located in a stand of sweet chestnut coppiced 40-60 years ago, with a thin shrubby understorey of beech trees. There is a complete absence of ground flora. The leaf litter is fragmented during the course of one year so that a distinct litter layer is locally absent by the following autumn. The humus form is a moder (Kubiena 1953) , with mor-like characteristics, based on alluvial sand. The soil mesoand macro-fauna are dominated by micro-arthropods; earthworms are absent except for the surface living lumbricid Lumbricus rubellus Hoffm.
The A horizon is about 6 cm deep and the following sub-horizons and their environmental characteristics have been described from soil sections (Anderson & Hanley 1970; Anderson 1971) .
The surface leaf litter layers (AL sub-horizon sensu Kubiena 1953) consist of more or less whole leaves showing little signs of feeding by soil animals and are characterized by low structural complexity, unstable microclimates and few species.
The 'raw-humus' or AF sub-horizons are composed of fragmented leaves and other plant materials showing extensive feeding by soil animals, soil animal faeces, etc. and have a high level of structural complexity, microclimatic stability and soil organism species diversity.
The 'humus' or AH sub-horizons are made up of more homogeneous, finely comminuted plant remains. The microclimates are extremely stable at this level in the soil profile but few soil animal species are present due to the nature of the soil organic matter which is compact, often waterlogged and largely composed of decomposition-resistant plant materials.
Further details on the climate, soil, stand structure and litter fall of the site are given in Anderson 1973c and d.
MATERIALS AND METHODS

Litter bags
Litter bags with coarse (7 mm), medium (1 mm) and fine (48 p) mesh sizes were used to differentiate weight losses from the leaf litter due to the macrofauna (Diplopoda, Isopoda and earthworms) and mesofauna (Acari, Collembola, Diptera larvae, echytraeid worms, etc.) from losses due to leaching and microbial decomposition (Anderson 1973a ). Freshly fallen beech and chestnut leaves were collected in October 1968 and cut into 3.5-cm diameter discs to standardize the leaf material. Approximately the same volumes of the two leaf litter types were placed in 10 cm x 10 cm bags (1 60 g air dry chestnut leaves and 1.40 g of the lighter beech leaves). The leaf litter in the bags was rehydrated and placed in the field on 30 October 1968. Sets of bags (one of each mesh size) were tethered in the freshly fallen litter at 1-m intervals. Three litter bags of each mesh size containing chestnut and beech leaves were collected every 28 days from November 1968 until May 1970.
Treatment of samples
In the laboratory, the leaf discs in each litter bag were individually and briefly washed under a fine jet of water. This extracted arthropods and soft-bodied soil animals, such as enchytraeids, with equal efficiency. The gut contents of animals extracted in this way will reflect their feeding habits at the time of collection. The detritus and soil animals were collected in a 36-u nylon mesh sieve and preserved in 95/ alcohol diluted to 70/ with a saturated aqueous solution of picric acid.
Gut content analysis
The washings from the bags were carefully inspected under a binocular microscope and the soil animals sorted into seven readily identifiable taxonomic groups: Harpacti-coidea (Crustacea: Copepoda), Enchytraeidae (Oligochaeta), Diptera larvae, Collembola and three sub-classes of the Acari, the Cryptostigmata, Astigmata and Mesostigmata. These groups represented about 98% of all soil animals extracted from the litter bags.
The gut contents of Diptera larvae, enchytraeids and Oppia spp. were inspected by clearing the animals on slides in lactic acid cotton blue, and then crushing them under cover slips to display the food items. The gut boluses of Cryptostigmata were dissected out before mounting.
The four most frequent food materials occurring in the guts of the soil animals were plant material, fungal hyphae, fungal spores and a fine flocculent substance, with no recognizable cellular components, referred to as amorphous material. The possible nature and origin of this material will be discussed below.
A semiquantitative measure of the relative importance of these different foods was obtained by examining the gut contents microscopically and scoring these according to a series of quartile grades from 0 to 4.
Results for the gut content analysis of the Cryptostigmata are related to the gut bolus as a sample unit rather than to the animal, as in the enchytraeids and fly larvae. This is because the Cryptostigmata usually contain 2-3 discrete gut boluses and it was found that variation in the contents of the boluses of one individual were as great as between individuals of that species.
Results are expressed as the mean proportion (x) of a particular food item (i) in a sample of 'n' guts or gut boluses according to the function: Zgfi Xi --n where 'g' is a quartile value and 'f' the frequency of 'g' scores for a food item 'i'.
Statistics
No assumptions could be made regarding the distribution of the data for soil animal populations from the litter bags or for the gut content analysis and therefore a sensitive non-parametric test, the Wilcoxon signed rank, matched pairs test (Siegel 1956 ) was used for most statistical analysis.
The species diversity and equitability of the Cryptostigmata community was measured by the Shannon-Wiener Index 'H' and Lloyd & Ghelardi's Index 'e' respectively (Lloyd & Ghelardi 1964) .
The Shannon-Wiener function and the equitability index are independent of sample size if the total number of individuals in the sample is greater than 400 (Sanders 1968) and if the number of species is greater than 20 (Sheldon 1969) . The soil animal population data for the chestnut and beech litter bags and for four sets of samples were combined to meet these requirements.
RESULTS
Soil animal populations in the litter bags
Mean monthly totals of soil animals and percentage weights of beech and chestnut litter remaining in the coarse and medium mesh bags are shown in Table 1 . No significant relationship was found between weights of litter in the bags and the numbers of animals they contained either within a set of samples or on a seasonal basis.
There was no significant difference in the weights of litter in the coarse and medium mesh bags containing chestnut or beech litter during the course of the study (Anderson 1973a ) but the Wilcoxon test between the two mesh sizes showed that the medium mesh bags contained significantly more soil animals (P<0-01). The moisture regimes of the two litter bag mesh sizes were not significantly different (Anderson 1973a ) and this difference in the soil animal populations may be due to the larger amounts of fine detritus retained by the medium mesh bags.
Data for soil animal populations from the coarse and medium mesh bags were pooled for further analysis.
Mean numbers per litter bag of the seven major groups of soil animals extracted from beech and chestnut litter during the 20-month study period are shown in Fig. 1 .
The numbers of animals associated with leaf litter material in the litter bags are likely to be affected by two main phenomena: the seasonal abundance of the animals in the litter layers and successional differences in the suitability of the substrate for colonization by the animals. The first process should be reflected-by recurrent peaks in abundance during the study period and the second process by a non-recurrent or skewed abundance pattern.
There are no clear seasonal patterns in the fluctuations of the soil animal populations ( The fluctuations in the numbers of soil animals associated with the chestnut and beech litter were generally synchronous suggesting the influence of common macroclimatic factors such as rainfall. The enchytraeids, however, were the only group of soil animals, of those present throughout the year, to show a close relationship between precipitation and the number of individuals in the bags (Fig. 1) . This suggests that the presence of free water in the bags is necessary for colonization by enchytraeids as the moisture content of the experimental litter remained relatively constant throughout the study at 65-70% (Anderson 1973a ). The combination of warm and dry conditions in July 1969, interrupted by a single cloud burst, and in October 1969 caused a reduction in the litter bag populations of most animals.
The soil animal populations of litter bags containing chestnut and beech leaf material were qualitatively and quantitatively very similar. Monthly totals for the different groups over 20 months were compared by the Wilcoxon test. The harpacticoids and the Astigmata were the only groups to show significant differences between litter types with more individuals (P -0-001) in the chestnut litter in both cases.
Representatives of most soil animal groups were present in the leaf litter 27 days after it was placed in the field. It would appear that the early stages of colonization of freshly fallen leaf litter in the autumn are not characterized by a pioneer group of soil animals, unless this occurred over a short period before the first samples were collected.
Succession and species diversity of the Cryptostigmata
Thirty-one species of Cryptostigmata (excluding Oppia spp.) were recorded in the chestnut and beech litter bags (Appendix 1). The succession, diversity and equitability of these species is shown in Table 2 .
During the first 4 weeks in the field, 9 species colonized the beech and chestnut litter ( Table 2) The pattern of development of the mite community in the litter bags is also shown by the species diversity and equitability indices ( Table 2) . It was not possible to calculate separate indices for the two litter types (see above) and data for the chestnut and beech litter were pooled. Species, diversity and equitability increased over the first 11 months to maximum values of 3-84 and 0-71 respectively in early October 1969 and then remained relatively constant over the last 9 months of the study.
Detailed population data for mites in the chestnut and beech litter during the study period have not been presented. The populations in both litter types were both qualitatively and quantitatively similar and generally showed synchronous fluctuations in numbers which, as in the case of other arthropods, did not appear to be closely correlated with rainfall or litter bag moisture content.
The relative and seasonal abundances of the 12 most frequently occurring species (referred to below as the 'top 12') in the combined data for the two litter types are shown in Table 3 . The 'top 12' species usually represented about 900 of the total number of adult mites in the community. 
Relationships in soil animal communities
There is evidence of successional changes in relative abundance of some of the 'top 12' species with time: Platynothrus, Steganacarus, Phthiracarus and Eniochthonius were present in significantly higher numbers (P<0-05) in the autumn of 1969 than in the autumn of 1968 and Hermanniella showed a constant increase in abundance over the last 6 months of the study. Carabodes, Chamobates, Tectocepheus and Adoristes decreased in abundance during the course of the study, particularly after the first 6 months. Nanhermannia and Nothrus were too sporadic in occurrence to assess their successional position.
Gut contents of the soil animals
Enchytraeids and Diptera larvae Mean proportions of food materials in the guts of enchytraeid worms and chironomid larvae (the majority of the fly larvae found in the bags) are shown in Table 4 .
During the first 8 months of the study fungal hyphae and spores formed a large proportion of the material present in the gut contents of enchytraeids from both leaf litter types. There was, however, considerable variation from sample to sample in the proportion of plant material present. This plant material was apparently derived from the lower litter layers as it was dark in colour and in a more advanced state of decomposition than the pale brown, relatively fresh experimental leaf material. The enchytraeids show considerable vertical redistribution in response to moisture conditions in the leaf litter layer and may move into the surface litter, when conditions are favourable, to graze on fungal material. This is supported by the observation that during the winter of 1968-9 the fungal hyphae and spores were usually located in the anterior of the gut when plant material was also present.
Over the last 6-7 months of the study the enchytraeids fed predominantly on leaf litter in the bags although fungal material was also extensively ingested.
The overall mean proportions of food items in the gut contents indicate that closely similar feeding habits were maintained by the enchytraeid populations in bags containing chestnut and beech leaf litter.
Gut content analysis of the Diptera larvae was carried out on the Chironomidae only. The Mycetophilidae were only sporadically present in the bags and no recognizable gut contents were found in the Cecidomyiidae.
The chironomids fed almost exclusively on fungal material during the winter of 1968-9 and more extensively on plant material over the latter part of the study, particularly in the early spring of 1970.
The overall mean proportions of food items in the chironomid guts are closely similar in both types of leaf litter and to the enchytraeid gut contents.
In general terms, therefore, the enchytraeids and chironomid larvae feed on fungal material in freshly fallen litter and ingest an increasingly large proportion of leaf material as the litter ages.
Gut contents of adult Cryptostigmata
Mean body length and cumulative mean proportions of food materials in the gut contents of the 'top 12' mites and Oppia species during the 20-month period are shown in Table 5 . These species have been ranked from litter feeders such as Phthiracarus ligneus, to those species which fed almost entirely on fungal and/or amorphous material.
The gut contents of each species were compared by the Wilcoxon test for each of the different categories of food material to determine whether these were significant differences (Table 5) .
During the winter months of 1968-9 most species in the litter bags fed mainly on fungal hyphae. This included predominantly litter-feeding species, such as Phthiracarus, Stegenacarus and Liacarus, though these show a decline in the amount of fungal material ingested and an increase in litter-feeding from April 1969 onwards. Several species, particularly Liacarus, Adoristes and Hermanniella, were found to contain plant material somewhat earlier than this but the nature of the plant remains suggested that they were of secondary origin, probably from enchytraeid faeces.
Three genera, Tectocepheus, Chamobates and Carabodes were predominantly mycophagous while Eniochthonius fed exclusively on fungal hyphae and spores.
The proportion of fungal spores ingested by the mites generally increased during the study period. Few spores were present in gut contents until early April 1969 suggesting that the fungi in the bags were in a vegetative growth phase during the winter months. Tectocepheus was an exception in feeding on spores during the winter of 1968-9.
The mycophagous species, with the exception of Eniochthonius generally contained higher proportions of amorphous material than the other mites. This material formed a significant proportion of the diet of Tectocepheus and of the Oppia species. The precise nature and origin of this material remains obscure. It was not apparently a product of digestion as whole gut boluses or part of the material they contained might be formed of this substance and it appeared to be absent from the gut contents of many of the larger mites. The fine particulate and flocculent nature of the material suggested that it was a suspension and/or a solution of litter decomposition products bacteria, etc. filtered from the faecal and detritus material in the bags by the smaller mite species. During the course of the study 6170 adult mites were inspected of which only 22% contained food materials. There was considerable inter-and intraspecific variation in the proportion of the mite population feeding at any time and no clear seasonal or interspecific pattern in these data could be found.
No satisfactory statistical method was found for analysis of the interspecific differences in the feeding habits of the mites. Simultaneous interspecific analysis of the four food categories was precluded by the nature of the data. An attempt to represent overall trophic differences between the species is shown in Fig. 4 . The data for fungal hyphae and spores were combined and plotted against plant and amorphous materials on three axes. Species located at the apices of the triangle would be trophic specialists while those near the centre may be non-specialized feeders. It can be seen from Fig. 4 and Table 5 In the first phase, species diversity increases with the rapid immigration of species into the newly established habitat (L-layer). In the second phase (F1-layer) the common species become less common and the rare species less rare. In the third phase, rare species continue to invade the habitat until it is saturated (F2-layer) and finally the community is degraded to a few abundant species adapted to the more unfavourable environmental conditions of the 'humus' (or H-layers).
The litter bags formed relatively simple microhabitats when first placed in the field, with a low range of food resources available to the soil animals. Hogg & Hudson (1966) have shown that only 4-8 species of fungi are present on beech litter during the autumn and winter after leaf fall and suggest that chestnut leaves follow a similar pattern of mycofloral development. Many of these species are present on the leaves before fall and proliferate in the moist conditions of the litter layer.
There was a rapid initial rate of colonization of the beech and chestnut litter bags by representatives of most groups of soil animals. The enchytraeids, Diptera larvae and the Cryptostigmata (Table 4 Feeding relationships of the Cryptostigmata Anderson (1973a) showed that chestnut leaves were more susceptible to microbial decomposition and more palatable to soil animals than beech leaves.
In view of these differences, it was surprising to find that the Cryptostigmata ingested approximately the same proportions of chestnut and beech leaf material and that the soil animal populations were not significantly different in the two litter types. The only major difference found in this study which appears to be ecologically significant was in the lower equilibrium number of Cryptostigmata species in the beech litter than in the chestnut litter over the last year of the experiment.
The apparent similarity in the palatability of the two leaf litter types to some of the Cryptostigmata may be accounted for by the intraspecific variability in the morphology and chemical composition of the two leaf species. King & Heath (1967) have shown that tree leaves grown in the shade have lower polyphenol concentrations, less lignin and higher sugar and nitrogen levels than leaves exposed to the sun and are more susceptible to attack by soil animals and micro-organisms.
Since the mites only ingested a small proportion of the leaf material in the bags, it is * See Appendix 1 for names of authorities.
